Diverticular disease is common in the Western culture and poses a significant clinical burden to the United States population. Given its prevalence, the diverticular disease remains one of the most common indications for both elective and emergent colon resections in the United States.
1,2 The treatment paradigm for management of diverticular disease, however, has shifted away from being strictly based on the number of previous attacks of diverticulitis toward a more case-by-case approach, taking into account a multitude of variables. 3 The decision to proceed with elective colon resection in patients after successful recovery from an episode of acute diverticulitis has been intended to prevent future hospitalizations, decrease the risk of needing emergent colon resection, and to achieve long-term cure defined as the absence of abdominal symptoms or recurrent diverticulitis, although the literature has not staunchly supported this premise. 4, 5 Amidst the ongoing debate about whether or not to operate on patients with diverticulitis, significant albeit not often addressed aspects of diverticular disease include quality of life (QOL) and surgical outcomes for patients treated with prophylactic surgery. In this article, we will review the available literature pertinent to postoperative QOL and functional outcomes after resection for diverticular disease. Current information with regards to bowel function, recurrence of symptoms, and other postoperative sequelae will be addressed. Unfortunately, little formal weight has traditionally been given to long-term functional outcomes after surgical management of diverticulitis. An understanding of these long-term outcomes is necessary, however, to provide patients optimal counseling regarding the decision of whether or not to undergo elective operative intervention for diverticulitis. Whether or not surgery can restore QOL in patients with symptomatic diverticular disease which causes considerable disruption of lifestyle and general "well-being" may represent the most compelling reason yet to offer surgical treatment as an option.
Diverticular Disease and Quality of Life
The majority of patients with diverticular disease remain asymptomatic, however, up to 25% of patients with diverticulosis will develop symptoms of diverticulitis in their lifetime, such as abdominal pain, bloating, and disturbances of bowel habits. 7, 8 Of these patients who develop diverticulitis, up to 20% will develop complications from their diverticular disease, defined as diverticulitis associated with abscess, fistula, obstruction, phlegmon, bleeding, or perforation. 7, 8 Although a recent study found that patients with multiple episodes of diverticulitis are not at increased risk for poor outcomes, chronic diverticular disease continues to pose a considerable burden on patients afflicted with this condition. Health-related QOL (HRQOL) is a concept that attempts to predict daily function and well-being based on subjective attitudes and evaluated from the patient's viewpoint of a specific chronic illness on their functional status.
10 HRQOL thus serves as an important way to assess a variety of chronic gastrointestinal conditions by promoting direct patient involvement, patient-centered measurements of disease impact, and implementation of effective treatments based on patientfocused outcomes. HRQOL reflects the physical, social, and emotional attitudes of an individual as related to their prior and current health status, and can be measured by generic multi-item questionnaires and disease-specific instruments, for example, the Gastrointestinal Quality of Life Index (GIQLI). The GIQLI is a validated quality-of-life questionnaire that addresses core gastrointestinal symptoms and physical, psychological, social, and disease-specific issues. The GIQLI questionnaire has undergone rigorous development to become a reproducible and consistent index that measures QOL. 11 Clinicians can utilize HRQOL to tailor treatment based on individual patient needs and examine relationships between disease severity and functional capacity. To test whether the diverticular disease has an impact on QOL, Bolster et al used a disease-specific questionnaire that has been validated for patients with inflammatory bowel disease, completed by subjects in their patient group and the control group of healthy volunteers.
12 This structured questionnaire examined bowel symptoms, systemic symptoms, emotional symptoms, and social function. Their study suggested that diverticular disease has a negative impact on QOL, as patients with diverticular disease had significantly lower QOL scores compared with controls, a difference that was consistent in all four areas examined: bowel symptoms, systemic symptoms, emotional symptoms, and social function (p < 0.003 for all categories). 13 They submit that taking QOL into account can affect decision-making regarding elective surgery for diverticular disease. Since the current criteria for selection of patients with diverticular disease for surgery remain unclear, formal assessment of QOL via a tool, such as a questionnaire survey, that can accurately measure health status may be helpful in selecting appropriate candidates for elective surgery.
Comparato et al aimed to assess QOL in a group of 58 patients with the uncomplicated symptomatic diverticular disease, using the Short-Form 36-item (SF-36) Health Survey questionnaire and clinical evaluation by means of the global symptomatic score at baseline and after 6 months of medical treatment.
14,15 They determined that diverticular disease had a negative impact on QOL compared with the general population, as patients with diverticular disease had substantially impaired QOL score compared with their normative control group. 16 Furthermore, this study showed no differences in QOL between the two sexes and between younger and older patients. These findings supported the results of the previously mentioned study by Bolster et al. HRQOL is becoming an important issue in the evaluation of any therapeutic intervention, especially in chronic conditions such as diverticulosis, where the aim of therapy is to reduce symptoms, decrease discomfort, and prevent future episodes caused by the disease. To date, there have not been many studies that have investigated QOL in diverticular disease, however, based on Bolster and Comparato's results, the diverticular disease has a negative impact on QOL, and it is important to evaluate the efficacy of therapy for this disease.
Postoperative Quality of Life
The indications for elective sigmoid resections in the treatment of uncomplicated diverticular disease are unclear. The decision to operate is based on future risk estimates of disease recurrence and complications rates, while QOL is rarely calculated into the risk-benefit analysis to warrant the risk of operative intervention. 17 However, several studies have observed a significant improvement in QOL following elective sigmoid colectomy in patients with diverticular disease, comparing the HRQOL before and after surgery. Pasternak et al performed a retrospective study to assess disease-related QOL after laparoscopic sigmoidectomy in 130 patients undergoing elective operation between 1999 and 2006 at a regional medical center in Switzerland. 18 The authors explicitly stated their interest in examining "subjective" outcomes of health-related QOL in this study which are not typically represented by "objective" data, such as vital signs or laboratory values, with a focus on transforming patient-reported data into a measurable and specific outcome variable. All patients in this study conducted by Pasternak et al had an endoscopy which confirmed the presence of diverticulosis. One subgroup had confirmation of previous episodes of diverticulitis by triple contrast computed tomography (CT) scan, while a second subgroup was symptomatic with no other etiology for their complaints. Exclusion criteria included patients who required an emergency operation. The same surgeon performed all operations in this study, and treatment protocol was standardized and applied to all patients. Patients filled in the GIQLI measurement tool questionnaire describing their QOL, with mean follow-up being 40 months. The mean GIQLI score was 95 before and 114 after the operation, with only 48% of patients reporting a GIQLI > 100 before the surgery, which improved to 83% after the operation (p < 0.0001). The results of this study showed an overall 96% patient satisfaction with the operation, with the majority of patients reporting improved QOL after their surgery. The clearest benefit was observed in patients who had multiple previous episodes of diverticulitis.
Forgione et al performed the first prospective clinical study examining QOL in patients with confirmed diverticulitis, before and after surgical resection. 19 Their objective was to prospectively determine the functional impact of elective laparoscopic sigmoidectomy after prior acute diverticulitis in 46 patients diagnosed with CT scans over an 18 month period. Preoperative measures of HRQOL were assessed by the GIQLI questionnaire at baseline (preoperative) and again subsequently throughout the first postoperative year (3, 6, and 12 months postoperatively) regarding QOL and bowel symptomatology. 46 patients were studied, 45 of whom had their surgery completed laparoscopically. QOL significantly improved in the group overall, with 36 patients having an increase in their GIQLI evident at 3 months and maintained after that. Interestingly, the improvement was most significant in those patients who had the lowest preoperative scoring. The authors concluded that significant improvement in QOL and social functioning resulted from elective sigmoid resection in the majority of patients.
In both of the studies discussed above, success rates concerning a gain in QOL were high. However, a study published in 2008 revealed much worse outcomes. Egger et al designed their study to determine the incidence and pattern of persistent symptoms and their association with preoperative parameters. 20 Data were obtained from a database of all patients undergoing colonic resection (laparoscopic and open) within a surgical department in a university hospital setting in Switzerland. Follow-up at a mean of 33 months was conducted through structured interviews (124 patients were available out of total 162). In this study, Egger et al found that despite technically successful surgery for diverticular disease, a significant portion of patients experienced persistent symptoms not resulting from recurrent diverticulitis.
Of patients who underwent elective surgery, 25% continued to experience symptoms such as painful constipation, abdominal distention, cramps, and frequent diarrhea. Not surprisingly, patients with persistent symptoms were also found to have a lower sense of well-being. 20 There was no statistically significant correlation between the stage of disease (complicated versus uncomplicated) nor the surgical technique (laparotomy versus laparoscopy) and the recurrence of symptoms. They concluded that a substantial number of patients continued to experience persistent symptoms after bowel resection, a finding that supported a previous study conducted by Janes et al, which reviewed the literature to arrive at a similar conclusion. 21 Despite improved medication and surgical technique, Janes et al also found that surgery for diverticular disease had a high complication rate, with 25% of patients continuing to experience recurrent symptoms after bowel resection.
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Some key differences, however, exist between the studies conducted by Pasternak and Forgione versus Egger's study, which could explain the disparity between the results. Egger's study results may only be partially comparable, as the inclusion and exclusion criteria were quite different. Pasternak and Forgione used very similar inclusion and exclusion criteria, as well as the same outcome tool, the GIQLI questionnaire. Neither Pasternak nor Forgione included patients who were operated on emergently. Pasternak excluded patients who underwent conventional open surgery and those patients who had stomas. The patient population included in the studies performed by Pasternak and Forgione appeared to be more homogeneous, which could explain the unexpected results which emerged from Egger's study. Also, the latter study did not exclude those patients who had a coexisting irritable bowel syndrome which could have explained persistent symptoms postoperatively.
A recent meta-analysis regarding diverticulitis and QOL undertook a systematic review of QOL after conservative versus surgical treatment of uncomplicated diverticulitis. 22 Andeweg et al collected data from 21 studies that included 1858 patients total from 1990 to 2014. Based on the SF-36 scores, patients in this study had higher QOL scores after elective laparoscopic resection when compared with conservative treatment of recurrent diverticulitis (73.4 vs. 58.1, 95% confidence interval [CI]: 65.7-81.1 vs. 47.2-69.1, respectively). They concluded that patients have better QOL after laparoscopic surgery versus conservative treatment of diverticulitis. Admittedly, the studies taken into account for this metaanalysis had a high risk of bias and were underpowered for comparison between the two different treatment modalities. The limitations of this study include heterogeneity among existing studies upon which the conclusions of their metaanalysis were based. They conceded that higher quality trials focused on QOL with well-defined patient populations with diverticular disease were needed.
Nevertheless, preoperative counseling and inclusion of QOL parameters in discussing elective surgery with patients presenting with the diverticular disease is not only helpful but becomes essential when taking into account the wide spectrum of patient-reported outcomes after surgical treatment of diverticulitis.
Bowel Function
Little has been written in the literature regarding bowel function and functional outcomes following surgery for diverticulitis. A recent retrospective study by Levack et al aimed to document the frequency, severity, and predictors of suboptimal bowel function, defined as fecal incontinence, urgency, and/or incomplete emptying, in patients who underwent sigmoid colectomy for diverticulitis at a large academic medical center. 23 counterparts to experience incontinence and 1.5 times more likely to have issues with urgency and evacuation. The results of this study, with approximately one-fifth of their patients reporting fecal urgency, fecal incontinence, or incomplete emptying after surgery for diverticulitis, were as much surprising as they were concerning, although the study had its limitations and the data were incomplete.
The above results were difficult to interpret, especially given that Levack et al's study did not have a preoperative arm, and thus, without preoperative functional data it would be difficult to discern whether the patients studied had preexisting pelvic floor disorder and/or underlying gastrointestinal dysfunction also or apart from diverticulitis. Furthermore, this study did not use a non-diverticulitis control group. Despite its' limitations, this study did find a rate of bowel dysfunction significantly higher than that of the general population. Further studies with prospective data accounting for preoperative function are needed to elucidate the impact of surgery on patients with diverticulitis.
In contrast, Ambrosetti et al performed a prospective study to analyze functional results following elective laparoscopic sigmoidectomy for patients with diverticulitis objectively diagnosed by CT scan. A questionnaire administered at a mean time of 40 months postoperatively inquired about new abdominal symptoms and whether bowel function was better, worse, or unchanged following surgery. 24 Overall, bowel function was reported to be better for 56% of their patients, unchanged for 37%, and worse for 7%. In addition to better bowel function outcomes, the majority of patients surveyed in their study were satisfied with their postoperative general comfort. Interestingly, male gender, the absence of preoperative history compatible with irritable bowel syndrome, longer length of resected sigmoid (mean: 23.3 cm, range: 14-50 cm) and acute residual inflammation on histological examination of surgical specimen were correlated with a higher degree of postoperative satisfaction.
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The authors concluded that surgery for diverticulitis led to good functional results. They postulated that based on the results of their study, diagnostic accuracy of diverticulitis and having well-established secondary indications to proceed with elective surgery for the diverticular disease are most important for reaching the best postoperative results.
There is a paucity of literature regarding the functional changes that patients should consider when faced with the decision regarding elective surgery following previous episodes of diverticulitis, whether complicated or not. The above studies with contradictory findings highlight the need for a prospective study to delineate the relationship between surgery for diverticulitis, preoperative function, and postoperative outcomes.
Recurrence of Symptoms
A review of current literature suggests that the rate of recurrent diverticulitis after resection of the sigmoid colon ranges from 1 to 10%, and of concern is that up to 25% of patients who underwent surgical intervention experienced persistent symptoms postoperatively. 20 As mentioned previously, Egger et al found that 25% of patients undergoing elective surgery for a diverticular disease suffered persistent symptoms. Interestingly, they found that patients who required emergency surgery had a similar rate of persistent symptoms compared with those who underwent elective sigmoid resection for diverticular disease. However, as mentioned previously, their patient population was potentially confounded by preexisting or associated irritable bowel syndrome, which could explain persistent symptoms following sigmoid resection. Thorn et al reviewed 75 patients with the diverticular disease who were subjected to elective colonic resection in Sweden from 1989 to 1994. 25 They sent these patients a questionnaire about abdominal symptoms and functional results postoperatively, and analyzed possible associations between patient characteristics and postoperative complications and functional outcomes. They found that only 8% of their patient population (six people) had a recurrence of symptoms, with the mean length of time from operation to the diagnosis of the recurrent disease being 25 months. Of note, patients with functional bowel symptoms, especially that suggestive of irritable bowel syndrome, before surgery had significantly worse results (p < 0.05).
Peppas et al performed a systematic review of 21 studies from 1983 to 2005 in the PubMed database looking at the outcomes after medical versus surgical treatment of diverticulitis. 26 The main outcomes of interest were mortality, morbidity, and recurrence of diverticulitis after medical or surgical treatment. Morbidity was defined as the development of postoperative complications, for example, wound infection, abscess, fistula and small bowel obstruction, which led to reoperation. This study showed that the recurrence of symptoms compatible with diverticular disease and readmission rates to the hospital for these complaints were more common for patients treated conservatively (18.6%) compared with those patients treated surgically (6.1%). Unfortunately, the analysis in this study was limited by several issues. The most important limitation was that the studies they compared for the review were not randomized controlled trials. Furthermore, the available data only allowed comparisons between patients with diverticular disease treated medically versus those treated by emergency surgery, not selectively. As such, the patient characteristics between the two groups differed considerably, and precluding any more definitive conclusions to be drawn from this systematic review. Similarly, Bargellini et al evaluated the long-term results in patients treated for the diverticular disease, focusing on comparison of outcomes between different modalities of treatment: medical treatment, elective surgery, and emergency surgery (35.6, 24.6, and 39.7%, respectively).
27 They prospectively examined a group of consecutive patients who were treated for the diverticular disease at a university hospital in Italy between 2003 and 2007. After treatment, the patients responded to the Cleveland Global Quality of Life (CGQL) questionnaire as well as a recurrence of symptoms questionnaire via phone interview. The median follow-up was at 99 months. Surprisingly, the CGQL total scores were found to be similar across the three groups, and diverticular disease affected bowel function in the long-term follow-up regardless of the type of therapy initially adopted. No significant difference was observed in terms of the rate of recurrent symptoms at follow-up among patients of the three different groups, including abdominal pain, tenderness, bloating, diarrhea and constipation. Bargellini et al concluded that the persistence of symptoms after resection for the diverticular disease should be taken seriously and further examined.
Other Postoperative Sequelae
Equally as important as postoperative bowel function is the consideration of potential iatrogenic sequelae after sigmoid resection for diverticular disease. Despite undergoing the same procedure of sigmoid colectomy as some other diseases commonly requiring colectomy, patients with diverticular disease have significantly worse and costlier outcomes after elective colectomy compared with patients with colon cancer, for example.
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Van Arendonk et al compared outcomes and costs of elective surgery for diverticular disease with other diseases that commonly require colectomy. 28 They hypothesized that because diverticulitis is inflammatory, outcomes after elective surgical resection for the diverticular disease may be worse than the same operation performed for a noninflammatory disease process, independent of other variations among patient populations. Outcomes of interest that were examined in this study include in-hospital mortality, ostomy placement, infection, unexpected reoperation, hemorrhage, acute myocardial infarction, thromboembolic events, shock and sepsis, renal failure, and pulmonary compromise. Using the Nationwide Inpatient Sample from 2003 to 2009, Van Arendonk et al were able to perform a retrospective analysis of data which included a 20% representative sample of hospitals in the United States. Of 74,879 patients, they found that patients with the diverticular disease were more likely than patients with colon cancer to experience in-hospital mortality (p < 0.001), develop a postoperative infection (p < 0.001), and have an ostomy placed (p < 0.001).
Furthermore, the adjusted total hospital charges for patients with the diverticular disease were considerably higher ($6,678.78, 95% CI: $5,722.12-7,635.43, p < 0.001) and length of stay was 1 day longer (p < 0.001) compared with patients being operated on for colon cancer. They concluded that these relatively poor outcomes should be factored into decisionmaking when considering routine elective colectomy for diverticular disease.
In addition to examining QOL, as mentioned previously, Forgione et al also looked at iatrogenic dysfunction after operation for diverticular disease. Preoperative measures of urinary and sexual function were assessed by standardized questionnaires administered before surgery and again at regular intervals throughout the first postoperative year. Men were evaluated by means of the international prostate symptom severity and international index of erectile function, while women were evaluated by the urinary dysfunction index and a modified questionnaire for the evaluation of sexual function. Forgione et al did not find any significant deterioration in postoperative urinary or sexual function in either men or women. 19 Constantinides et al investigated more traditional adverse outcomes associated with surgical treatment for the diverticular disease, focusing specifically on complicated diverticulitis. 29 The primary outcome in their study was 30-day postoperative mortality, defined as death within 30 days of operation, regardless of cause. Secondary outcomes they examined were postoperative surgical complications as well as medical complications. Surgical complications included intraperitoneal sepsis or wound infection, anastomotic leak, bowel obstruction, stoma complications, and bleeding. Medical complications included deep venous thrombosis (DVT), pulmonary embolism (PE), myocardial infarction (MI), stroke, and urinary tract infection. In this study, Constantinides and colleagues focused on the choice of operation for complicated diverticular disease, comparing primary resection and anastomosis (PRA) to Hartmann's procedure (HP). disease process. The advancements in both medical and surgical treatment of diverticular disease have in some ways confused the picture even more, regarding the best course of treatment for patients with diverticulitis, and practice patterns continue to evolve. 32 However, particularly in complicated and recurrent cases, not enough studies have shown support for nonoperative management. Lamb et al concluded in their study that the evidence in literature, albeit weak, still suggest that complicated diverticulitis with abscess formation is associated with high probability of resective surgery, whereas conservative management results in chronic or recurrent diverticular symptoms. 33 Central to this complex, difficult debate, is the importance of a complete understanding of QOL and the postoperative outcomes following surgical treatment of diverticular disease. Our knowledge of the diverticular disease itself, as well as recurring or persistent symptoms and functional outcomes that patients experience after surgery, continues to evolve. Decades ago, Parks et al first described this subject, where they found that 24% of patients surgically treated for diverticular disease continued to experience mild symptoms postoperatively. 34, 35 Over the past 20 years, there has since been a shift toward a decrease in the use of elective colectomy following an episode of diverticulitis, as increasing evidence lends support for nonoperative management of diverticular disease.
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Multiple attempts have been made by individual experts as well as consensus groups to define objective criteria to identify individuals likely to benefit from surgical resection for diverticular disease. 37 From the now antiquated practice of recommending surgery for patients after the second episode of diverticulitis, we now understand that the first episode of diverticulitis is likely the most virulent, with recurrent episodes rarely requiring emergency surgery.
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However, studies have demonstrated that elective surgery may be associated with improved QOL, as well as reduced abdominal pain and abnormal defecation caused by the diverticular disease.
39 Current practice parameters outlined by the Clinical Practice Guideline Task Force of the American Society of Colon and Rectal Surgeons for the treatment of sigmoid diverticulitis recommend individualized management, with the ultimate decision for proceeding with any specific procedure be made by the physician with heavy deference to the unique circumstances presented by each patient.
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Unfortunately, analysis of such patient-centered measures of postoperative QOL, bowel function, and recurrence of symptoms is much less well-defined compared with traditional objective evaluation of, for example, mortality and adverse outcomes such as DVT or MI. Given how complex diverticular disease is, and how the personal perception of the severity of the disease varies with each individual, perhaps more weight should be given to patient-reported outcomes when measuring the success or failure of therapy, versus the traditional measures of outcomes mentioned above.
In our investigation and review of the current information available, we did observe an overall improvement in the literature describing QOL and patient satisfaction postoperatively after resection for diverticular disease. Much of the subjective benefits described by patients in questionnaires were predicated on their preoperative QOL scores, as well as the preoperative functional baseline. 18, 19 Thus, as much as preoperative functional assessment and perception of the severity of their disease may help select those patients who may benefit from surgery, it may just as likely contribute to determine those patients who would be unlikely to derive much benefit from elective surgery for their disease. In contrast to the consistent overall trend toward improvement in QOL, we discovered conflicting results regarding the subject of bowel function after sigmoid resection for diverticulitis. Although none of the studies we examined in any way proved whether elective surgical resection for diverticular disease either improved or led to a deterioration of bowel function, the presence of postoperative symptoms within the population that included urgency, fecal incontinence, and obstructed defecation are troublesome. 23 These heterogeneous findings highlight the importance of further investigation to delineate relationships between surgery for diverticular disease and preoperative as well as postoperative outcomes, particularly subjective measures that have not been previously explored in detail. Looking forward to future prospective multicenter studies to compare QOL and functional results before and after elective surgery for diverticular disease, it will be important to survey patients with questionnaires regarding preoperative versus postoperative bowel function, symptomatology, and recurrence of symptoms, at regular intervals after surgery.
Conclusion
One of the most important and frequently debated questions plaguing surgeons is whether or not to operate, a dilemma exemplified in the decision-making process involving treatment of diverticular disease. In Western and industrialized societies like the United States, the colonic diverticular disease is common, the prevalence increasing with age. Thus, much work has been contributed to better understanding the natural history of diverticular disease, and we have moved from routine operation after the second episode of diverticulitis to a case-based approach, taking into account a multitude of variables such as frequency and severity of attacks. It is presumed that elective surgery leads to alleviation of current symptoms and prevention of future diverticulitis attacks, and that the benefits will outweigh the risks of operative intervention. However, this assumption has not been proven in the literature. Furthermore, less objective factors such as QOL, functional outcomes, and overall patient satisfaction after operative management of diverticular disease remain largely glossed over, and more data on these long-term outcomes will be necessary to determine the impact of surgical treatment on patients' lives. An understanding of the long-term functional outcomes and overall patient satisfaction after undergoing sigmoid resection for diverticulitis is crucial to provide a complete counseling to patients who are faced with the decision of whether or not to undergo an operation. There is a need for prospective data that accounts for preoperative function and further delineates the impact of surgery on patients' QOL and overall function postoperatively.
